The quality attributes of thigh meat from a certified meat-type commercial Korean native chicken (Woorimatdag
Introduction
White meat such as chicken meat is considered superior in health compared to red meat due to its relatively lower contents of fat, cholesterol, and iron (Jaturasitha et al., 2008) . The per capita consumption of chicken meat in Korea has increased rapidly from 1.4 kg in 1970 to 7.5 kg in 2005. Chicken meat consumption is expected to increase by 34% by the year 2018 with a concomitant fall in price of 15%, which means that chicken will continue as the cheapest commercially produced meat (OECD-FAO, 2009). Globally, however, this rapidly growing consumption of chicken meat is based on a few fast-growing broiler strains produced by commercial breeding companies in intensive fattening systems (Jaturasitha et al., 2008) .
Native chicken breeds in Korea are characterized by poor commercial performance, including lower growth rate, feed efficiency, and lean muscle gaining ability than those of imported commercial synthetic breeds (CB) (Jeon et al., 2010) . Similarly, the indigenous chickens of Thailand generally have a slower growth rate than CB. However, Thai indigenous chicken is considered as a delicacy due to its unique quality (Wattanachant et al., 2004) . Usually, native chicken meats in different countries have a unique taste and texture that attract domestic consumers' preferences, thereby increasing the price about 2~3 times than that of CB (Ding et al., 1999) .
Only a few farms in the remote areas of Korea raise native chicken breeds. In order to maintain this national resource, the National Institute of Animal Science, RDA, Korea, has conducted a native chicken breed restoration program. From this program, a commercial meat-type native chicken line was developed called Woorimatdag TM (WM), of which different quality characteristics were recently studied and compared with those of CB (Jeon et al., 2010) . However, previous studies were limited since they compared the WM and CB samples under different growth environments. Meat quality is affected significantly by many factors such as genetics, age, body weight, feed, and other environmental conditions (Chen et al., 2002; Jaturasitha et al. 2008 ; Moore et al., 2008) . Therefore, it is worth to investigate the differences in the quality characteristics of WM and CB when other environmental factors are controlled.
Therefore, the objective of this study was to compare the quality attributes of thigh meat from WM and CB raised under the same environmental conditions and slaughtered at the same production stage (similar slaughter weight).
Materials and Methods
Animal and experimental design Two hundreds 1-day-old, mixed-sex Woorimatdag TM (WM, a certified meat-type commercial Korean native chicken breed, Gallus domesticus) along with 200 commercial broilers (CB, Ross) were obtained from a commercial hatchery. Chickens were randomly assigned to floor pens (20 chickens per pen, 3.0×2.0 m) under standard conditions of temperature, humidity, and ventilation, as well as 24 h fluorescent lighting for the entire experimental period. Chickens had ad libitum access to water and were fed a commercial broiler starter (0-6 d), grower (7-21 d) , and finisher (21-35 and 77 d) diet. The diet was comprised of approximately 20% crude protein, 4% crude fiber, and 3,100 ME kcal/kg, which is a typical commercial diet for broilers (Chunhajeil Feed Co., Korea). Chickens were weighed every week. The weeks that both chicken breeds had similar live weights were designated as the production stages: stage I, 1.14 kg for WM and 0.99 kg for CB; stage II, 1.57 kg for WM and 1.53 kg for CB; and stage III, 1.99 kg for WM and 1.93 kg for CB. The chickens were killed by conventional neck cut, bled for 2 min, feathers removed, and eviscerated. Thigh muscle was dissected from the carcasses after chilling at 4 o C for 24 h. The skin was then removed, and the muscles were trimmed of obvious fat and connective tissue. The thigh meat samples from five birds of each stage per breed (total of 15 birds of each breed) were vacuum-packed and then stored in a freezer at -50°C until analysis.
Proximate composition
The proximate compositions of thigh meat from WM and CB were determined by the methods of AOAC (1995) . Briefly, moisture content was measured by drying the samples (2 g) at 102 o C for 15 h. Crude protein content was measured by the Kjeldahl method (VAPO45, Gerhardt Ltd., Germany). The amount of nitrogen obtained was multiplied by 6.25 to calculate the crude protein content. Crude fat content was measured by the Soxhlet extraction system (TT 12/A, Gerhardt Ltd., Germany). Crude ash content was measured by heating the sample (2 g) in a furnace set at 600 o C overnight.
pH, water holding capacity (WHC), and color values To determine the pH values of thigh meat, 1 g of each sample was mixed with 9 mL of distilled water and homogenized with a homomixer (T25 basic, Ika Co., Germany) at 1,130 g for 1 min. The homogenate was filtered (Filter paper, No. 1, Whatman International Ltd., Maidstone, England) and the pH determined using a pH meter (750P, Istek Co., Korea). The mean value from three repeated measurements of each sample was used.
WHC was determined according to the modified method of Ryoichi et al. (1993) . The minced thigh meat sample (2 g) was placed into a centrifugation tube with filter paper (No. 4, Whatman International Ltd) and centrifuged at 6,710 g for 10 min. The absorbed moisture in the filter paper was weighed, and the moisture content of the meat sample (2 g) prior to centrifugation was determined after drying at 102 o C for 15 h. The WHC of the meat samples was calculated as the percentage of remaining sample weight, which is subtracted from the absorbed moisture in the filter paper on the basis of the moisture content of the original meat sample.
The color value of thigh meat was measured on the surface of meat samples prepared with 4 cm diameter and 1.5 cm thickness using a colorimeter (Spectrophotometer, CM-3500d, Minolta, Japan). The values of lightness (CIE L*), redness (CIE a*), and yellowness (CIE b*) were obtained using the average value from three repeated measurements with different locations on the meat surface. Each color value was automatically analyzed by Spectra Magic Software (Minolta Inc., Japan).
Fatty acid composition
Fatty acid composition was analyzed by the method of Jung et al. (2010) . Lipids were extracted from thigh meat samples by mixing meat samples (10 g ) and 50 mL of Folch solution (chloroform: methanol = 2:1). To this solution, 0.88% KOH was added, followed by vigorous mixing with a cap and incubation for 2 h at room temperature. Then, the upper layer was removed, and chloroform was evaporated using N 2 gas (99.999%). After cooling, 1 mL of methylating reagent (BF 3 -methanol, Sigma Chemical Co., USA) was added to 100 µL of lipid, which was heated at 70 o C for 30 min. The samples were removed from the water bath and allowed to cool, after which 2 mL of hexane (HPLC grade) and 5 mL of distilled water were added to the samples. The samples were then vortexed and the upper layer removed. The fatty acid methyl ester dissolved in hexane was transferred to a GC vial. Fatty acid composition was analyzed using a gas chromatograph (GC 6890N, Agillent, USA) equipped with a mass selective detector. A split inlet (split ratio, 50:1) was used to inject samples into a HP-5MS capillary column (30 m×0.25 mm×0.25 µm film thickness, Agillent, USA). The ramped oven temperature was 150 Nucleotide content Thigh meat sample (5 g) was mixed with 25 mL of 0.7 M perchloric acid and centrifuged at 1,130 g for 1 min to extract nucleic acids. The extracted nucleic acids were centrifuged at 2,090 g for 15 min and then filtered through Whatman No.4 filter paper (Whatman International Ltd. USA). The supernatant was adjusted to pH 7 with 5 N KOH. The pH-adjusted supernatant was placed into a volumetric flask and made up to 100 mL with 0.7 M perchloric acid (pH 7). After cooling for 30 min, the supernatant was centrifuged at 1,130 g (0 o C) and then filtered through a 0.2 µm PVDF syringe filter (Whatman International Ltd.). The filtrate (5 mL) was analyzed using HPLC (ACME 9000, Younglin Instruments Inc, Korea). For the analytical conditions of the HPLC, Waters-Atlantis dC18 RP column (4.6×250 mm, 5 µm particles, Waters Co., USA) was used. Mobile phase was 0.1 M triethylamine in 0.15 M acetonitrile (pH 7.0). The flow rate of the mobile phase was 1.0 mL/min, and the injection volume was 10 µL. The column temperature was maintained at 35 o C, and the detection was monitored at a wavelength of 260 nm. The peaks of the individual nucleotides were identified using the retention time for standards: hypoxanthine, inosine, inosine-5'-monophosphate (IMP), adenosine-5'-monophosphate (AMP) (Sigma, USA), and the concentration was calculated using the area for each peak.
Amino acids content
Thigh meat sample (10 g) was mixed with 40 mL of 6 N HCl and hydrolyzed at 110 o C for 24 h. The hydrolyzed meat sample was concentrated using a rotary evaporator (Eyela, Japan) to remove HCl, and the residue was cleaned three times with distilled water and filtered using filter paper (No. 4, Whatman International Ltd.). The filtrate made up to 50 mL with distilled water was analyzed using an amino acid analyzer (Hitachi L-8500A, Japan). Before adding HCl, cysteine and methionine were converted to cysteic acid and methione sulfone using 20 mL of a stabilizing solution (85% formic acid 45 mL+30% H 2 O 2 5 mL).
Total collagen content
The total collagen content of thigh meat was determined by acid hydrolysis as described by Palka (1999) . The sample (500 mg) was hydrolyzed with 25 mL of 6 M HCl at 110 o C for 24 h. The hydrolysate was clarified with active carbon, filtered, neutralized with 10 M and 1 M NaOH, and diluted with distilled water to a final volume of 250 mL. Hydrolysate (4 mL) and 2 mL of chloramine T solution (1.41 g of chloramines T, 10 mL of distilled water, 10 mL of n-propanol, and 80 mL of citric buffer at pH 6) were mixed in a test tube and left for 20 min at room temperature. Then, 2 mL of 4-dimethyl-aminobenzaldehyde solution (10 g of p-DABA, 35 mL of HClO 4 -60%, and 65 mL of isopropanol) was added. The solutions were shaken and heated at 60 o C for 20 min. The samples were then cooled for 5 min in tap water and their absorbances measured at 558 nm using a spectrophotometer (DU 530, Beckman Instruments Inc., USA). The amount of hydroxyproline was determined from a standard curve. The total collagen content was calculated from hydroxyproline content using a coefficient of 7.25. The collagen content was expressed as mg collagen per g meat.
Texture analysis Thigh meat sample was homogenized through a 6-mm plate, and patties (4 cm diameter, 2 cm thickness, and 20 g weight) were prepared. Half of each patty was cooked to an internal temperature of 75 o C to prepare cooked meat samples. The centers of the raw and cooked meat samples were compressed twice to 75% of their original height by a texture analyzer (Model A-XT2, Stable micro systems, UK) attached with a needle (15 mm diameter) at a test speed of 5.00 mm/s and a trigger force of 0.005 kg.
Sensory evaluation
For the sensory evaluation, thigh meats were heated in boiling water for 1 h using a gas burner to an internal temperature of 85 o C. Meat samples (2×3×1.5 cm) were placed into coded white dishes and served with drinking water. Thirteen consumer panelists, mainly students and staff, recorded their preferences using a 9-point hedonic scales (1=unlike extremely, 5=like moderately, 9=like extremely). The sensory parameters tested were color, odor, taste, texture, and overall acceptance for cooked thigh meat. All samples were labeled with random 3-digit numbers and presented to panelists in random order. Whole sensory analysis was repeated the next day. 
Statistical analysis

Results and Discussion
Proximate composition
The proximate compositions of WM and CB at similar production stages are shown in Table 1 . The crude fat contents of WM thigh meat were significantly lower than those of CB at each production stage. This result is consistent with the reports of Young and Choi (2003) . These authors reported that the fat contents of breast and thigh meat from traditional Korean chickens are lower than those of commercial broilers. No differences in moisture, crude protein, or crude ash content were found between WM and CB meats. Therefore, the relatively low fat of WM thigh meat compared to CB at the same production stage can be considered a unique nutritional characteristic.
pH, WHC, and color values
The pH of WM thigh meat was higher at production stage II but lower at production stage III than that of CB ( Table 2) ) compared the meat characteristics between Korean native chicken and Wangchoo, a dual purpose breed, and reported that the pH of leg meat was decreased by age regardless of strain without differences between the strains. The result of lower pH in leg meat of CB at production stage II cannot be clearly explained and further study is needed. The WHC of WM thigh meat was higher than that of CB only at production stage II, and no differences were observed at production stages I and III. Jeon et al. (2010) reported no difference in WHC between commercial Korean native chicken and broiler meat. The lightness value of Means with different superscript within the same column with the same production stage differ significantly (p <0.05).
)
Stage I, 1.14 kg of WM and 0. Standard errors of the mean (n = 10) Means with different superscript within the same column with the same production stage differ significantly (p <0.05).
See Table 1 .
WM was lower than that of CB in all production stages tested. Wattanachant et al. (2004) previously reported that the biceps femoris muscle of indigenous chicken has much higher values of brightness, redness, and yellowness than those of broiler, and they assumed that the result is probably related to differences in muscle pH between the breeds. Petracci et al. (2004) reported that paler chicken breast meat (CIE L*-value higher than 56) is characterized by lower pH and poorer WHC, whereas darker chicken breast meat (< 50) is associated with higher muscle pH and cooking yield. However, the relationship between color CIE L*-value and WHC was not consistent in this study. Only thigh meat from WM at production stage II showed higher CIE a*-values as well as lower CIE b*-values in all production stages. Therefore, in general, WM thigh meat had lower CIE L*-and CIE b*values and higher WHC than those of CB. Table 3 presents the major fatty acids of thigh meat of WM and CB at the same production stages. The major fatty acids of chicken thigh, including palmitic (C16:0), stearic (C18:0), oleic (C18:1), and linoleic acid (C18:2), were all consistent with previous results (Sung et al., 1998; Kim et al., 1999) . WM thigh meat contained significantly higher stearic and arachidonic acid (C20:4) contents but lower palmitoleic (C16:1) and oleic acid contents than those of CB at each production stage. Jeon et al. (2010) showed consistent results that Korean native chickens have significantly higher content of arachidonic acid than CB. Similarly, Hinai-jidori, a Japanese native chicken breed, showed significantly higher arachidonic acid content than broiler in thigh meat . Recently, Kiyohara et al. (2010) demonstrated that total taste intensity and aftertaste of both chicken soup and steamed minced meat were significantly higher when birds were fed arachidonic acid-enriched diet. The authors suggest that palatability of chicken meat can be improved by dietary arachidonic acid supplementation. However, the proportion of total unsaturated fatty acids (UFAs) was higher in CB thigh meat at production stages II and III mainly because of lower quantity of palmitoleic and oleic acid in WM.
Fatty acid composition
On the other hand, essential fatty acids such as linoleic, linolenic, and arachidonic acid should be provided as a dietary supplement since they cannot be biogenerated in the body (Cho et al., 2008) . Thus, relatively high arachidonic acid content of WM is also an attractive nutritional quality factor. The difference in fatty acid composition is possibly due to dietary differences (Cherian et al., 2002) as well as due to the differences in feeding behavior between the breeds (Wattanachant et al., 2004) . In addition, this study also showed that genetic strain is an important factor affecting fatty acid composition among samples at different production stages.
Nucleotides
The content of nucleotides in WM and CB, which can be associated with meat flavor, is shown in Table 4 . IMP content of WM was higher than that of CB at production stage I and III. Ahn and Park (2002) reported that the concentrations of IMP in meats from Korean native chicken, aged 15 wk, are higher than those in commercial broiler, aged 6 wk. Rikimaru and Takayashi (2010) reported that the thigh meat from 22-wk-old Hinai-jidori had higher IMP content than that from 8-wk-old broiler when the same environmental conditions were given but no difference was observed 22-wk-old broiler. Chen et al. (2002) Means with different superscript within the same column with the same production stage differ significantly (p <0.05).
)
Standard errors of the mean (n = 10)
observed that body weight, but not age, has significant effects on IMP contents of chicken meat. The inosine contents of WM thigh meat were lower than those of CB through all whole production stages. The important meat flavor precursors include amino acids, peptides, and nucleotides (Moody, 1983) . IMP is a flavor precursor (Manabe et al., 1991) and is used in conjugation with monosodium glutamate for a synergistic effect (Nguyen et al., 1985) . The present result suggests that WM may have a desirable flavor due to higher content of IMP, which might have resulted in a higher taste score than CB in sensory test (Table 4) .
Amino acid composition and total collagen content In general, amino acid compositions of thigh meat from WM and CB were not different with some minor exceptions (Table 5) . Amino acids such as asparagine, threonine, serine, glutamic acid, glycine, and alanine are known to be associated with tasty flavor, whereas valine, isoleucine, leucine, phenyalanine, methionine, arginine, and proline are associated with bitter taste (Fukunaga et al., 1989) . The contents of glycine, isoleucine, and valine were higher in WM at production stage I than in CB.
However there was no difference found in production stages II and III, except for glycine, which also showed a difference in stage II. In contrast, Ahn and Park (2002) Means with different superscript within the same column with the same production stage differ significantly (p < 0.05).
Adenosine-5'-monophosphate (AMP)
Inosine-5'-monophosphate (IMP)
Standard errors of the mean (n = 10) Means with different superscript within the same row with the same production stage differ significantly (p <0.05).
Tasty A.A: Sum of asparagine, threonine, serine, glutamic acid, glycine, and alanine
Bitter A.A: Sum of valine, isoleucine, leucine, phenyalanine, methionine, arginine, and proline previously observed that the ratio of good-tasting amino acids to bitter-tasting amino acids is higher in Korean native chicken at 6 weeks of age compared to broiler thigh meat. WM thigh meat contained significantly higher total collagen content than CB at production stages II and III ( Tables 6 and 7 show the texture properties of raw and cooked meat of WM and CB, respectively. In raw meat, the values of hardness, springiness, gumminess, and chewiness were higher in thigh meat from WM as compared to CB. Similar results reported that the shear values of Thai indigenous chicken meats, aged 16 wk, either raw or cooked, are higher than those of broiler muscles, aged 38 d, at similar live weights (1.5±0.2 kg) (Watanachant et al., 2004) .
Texture and sensory analysis
The results of the sensory evaluation are shown in Table  8 . Sensory panelists preferred the color of thigh meat from CB compared to that from WM. Jeon et al. (2010) reported that the sensory panelists preferred thigh meat from commercial South Korean native chicken (SKNC) and broiler to that from North Korean native chicken (NKNC), due to the strong dark color of NKNC without Means with different superscript within the same production stage differ significantly (p <0.05).
)
See Table 1 . Means with different superscript within the same column with the same production stage differ significantly (p <0.05).
Standard errors of the mean (n = 10) Means with different superscript within the same column with the same production stage differ significantly (p <0.05).
Standard errors of the mean (n = 10). Means with different superscript within the same column with the same average weight between 2 breeds differ significantly (p < 0.05).
Standard errors of the mean (n = 4)
any difference between SKNC and broilers. However, the scores of odor, taste, and overall acceptance were significantly higher in thigh meat from WM compared to CB. Based on the results, it can be concluded that thigh meat from Korean native chicken (Woorimatdag TM ) has several unique taste and textural quality characteristics when compared with commercial broilers, even when raised under the same environmental conditions. In general, the difference in quality attributes between Korean native chicken and commercial broiler do not change significantly at similar live weights at different production stages.
